20885 A02 




1 CLAIMS / 

2 1. A locating system for determining the/location and 

3 orientation of an invasive medical instrument relative to a 

4 reference frame, comprising: / 

5 a plurality of field generators which generate known, 

6 distinguishable fields in response to darLve signals; 

7 a plurality of sensors situated in the invasive medical 

8 instrument proximate the distal end /thereof which generate 

9 sensor signals in response to said fields; and 

10 a signal processor which has /an input for a plurality 

11 of signals corresponding to said drive signals and said 

12 sensor signals and which computes the three location 

13 coordinates and three orientation coordinates of a portion 

14 of the invasive medical instrument, responsive to said drive 

15 and sensor signals. / 

16 / 

17 2. The locating system according to claim 1 wherein one of 

18 the plurality of field generators or sensors comprises three 

19 distinguishable, non- overlapping, generators or sensors. 

20 / 

21 3. The locating system of claim 1 wherein said plurality 

22 of field generators (Comprises three distinguishable, non- 
23 overlapping, generators and said plurality of sensors 

24 comprises three distinguishable, non- overlapping sensors. 

25 / 

26 4. The locating ysystem of any of claims 1-3 wherein each 

27 sensor comprises/ a coil. 

28 / 

29 5. The locat/ing system of claim 4 wherein said plurality 

30 of coils have/ axes which intersect within a coil. 

31 / 

32 6. The locating system of claim 4 or claim 5 wherein said 

33 plurality of coils comprises three coils and wherein said 

34 coils have axes which do not all intersect in a point. 

35 / 

36 7. Thef locating system of any of the preceding claims 
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wherein the fields generated by each of the field generators 
have a different frequency, a different phase, or both a 
different frequency and a different phase. 

8. The locating system of any of the pre/feding claims, 
wherein the field generated by each f iel^/generator has a 
different frequency. 



9. The locating system of claim 8, w! 
of the field generators are each 
given frequency. 



rein the frequencies 
teger multiples of a 



10. The locating system of any /of claims 7-9, wherein the 
signal processor cross-correlates the signals corresponding 
to the drive and sensor signal 

11. The locating system >6f claim 9, wherein the signal 
processor cross -correlates the signals corresponding to the 
drive and sensor signa/s and wherein the duration of the 
cross-correlation of /the inputs is the minimal common 
product of the inte/er multipliers divided by the given 
frequency. 

12. The locating system of claim 10 or claim 11, wherein 
the results of ;ehe cross-correlation are used to calculate 
the contribution of each field generator to the signal 
generated by /each said sensor . 

13. The J/ocating system of any of the preceding claims 
wherein 1me fields are AC magnetic fields. 



14. TJne locating system of claim 13, 
magnetic fields are continuous fields. 



wherein the AC 



15/. The locating system of any of the preceding claims and 

including a display system for displaying the position of 
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■the point on the invasive medical instrument. 

16. The locating system of any of the preceding; claims 
wherein there is an additional sensor on a portion of the 
invasive medical instrument which senses a local ^condition . 

17. The locating system of claim 16 wherein rhe additional 
sensor senses local electrical signals and transfers them to 
terminals external to the patient's body. 

18. The locating system of claim 17, wherein the signals are 
electrical signals from the endocardium of the patient's 
heart . 

19. The locating system of claim , wherein the signal 
processor processes the position ana orientation coordinate 
signals and the local electricai signals acquired at a 
plurality of points on the endocardium to generate a map 
that represents the propagation of electrical signals 
through tissue in the patient 1 s body. 

20. The locating system of^any of claims 16-22 wherein the 
additional sensor is operative for supplying electrical 
energy to the endocardium for ablating a portion of the 
endocardium . 



21. The locating system of any of claims 1-16 and including 
an electrode adapted if or supplying electrical energy to the 
endocardium for ablating a portion of the endocardium. 

22. The locating .system of claim 16 wherein the additional 
sensor is an ultrasonic transmitter /receiver. 



f 



23. The locating system of claim 22 wherein the ultrasonic 

transmitter/receiver provides a less than three dimensional 

representation of the acoustic properties of tissue beyond 

- 42 - 



20885 A02 





)j 



y 



SI I 

W 



ru 

tss- 



1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 



-the distal end. 

24. The locating system according to claim 23 wjtferein the 
distal end is deflectable. 

25. The locating system according to claim 24 and including 
image reconstruction circuitry which receives a plurality of 
said less than three dimensional representations acquired at 
different orientations of the distal ^nd and produces a 
three dimensional map of the acoustic properties of tissue 
at least partially surrounding the disVal end. 



26. The locating system of any of the preceding claims and 
further comprising a reference instrument which includes a 
plurality of sensors situated in /the reference instrument, 
wherein said display system displays the position of the 
point on the invasive medical instrument relative to the 
position of a point on the reference instrument. 

27. The locating system of cSlaim 26, wherein the locating 
system comprises only a single reference instrument. 

28. The locating system of claim 26 or claim 27 wherein the 
reference instrument is /an invasive medical instrument and 
wherein said sensors aye situated proximate the distal end 
thereof. 

29. An imaging system for intra-body ultrasonic imaging 
comprising: 

a invasive me&lcal instrument having an axial-looking 
ultrasonic imaging transducer attached to a distal end of 
the instrument, /which transducer generates a representation 
of the acoustic/ properties of tissue beyond the distal end; 

means fotf manipulating the distal end to change the 
orientation thereof; and 

image /reconstruction circuitry which receives a 
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1 plurality of said representations acquired at different 

2 orientations of the distal end and produces ar three 

3 dimensional map of the acoustic properties of Izlssue at 

4 least partially surrounding the distal end based on said 

5 plurality of representations acquired atf different 

6 orientations of the distal end. / 

7 / 

8 30. The imaging system of claim 29 and further comprising: 

9 a plurality of field generators which generate known, 

10 distinguishable fields in response to drive signals; 

11 a plurality of sensors situated in /the invasive medical 

12 instrument proximate the distal end thereof which generate 

13 sensor signals in response to said fields; and 

14 a signal processor which has art input for a plurality 

15 of signals corresponding to sa±6t drive signals and said 

16 sensor signals and which produces Izhree location coordinates 

17 and three orientation coordinates of the a point on the 

18 transducer. / 



19 / 

20 31. The imaging system of cla/Lm 29 or claim 30 wherein said 

21 representations are one or two dimensional representation'. 

22 / 

23 32. The system of any of /the preceding claims wherein the 

24 invasive medical instrument is a catheter or endoscope. 

25 / 



26 33 . A method of determining the position and orientation of 

27 an invasive medicaJ: instrument having a distal end, 
, 28 comprising: / 

29 (a) generating a plurality of distinguishable, 

30 geometrically different AC magnetic fields; 

31 (b) sensing/ the AC magnetic fields at a plurality of 

32 sensors proximate the distal end; and 

33 (c) computing six dimensions of position and 

34 orientation ok a portion of the invasive medical instrument 

35 responsive /to signals representative of the generated 

36 magnetic fields and the sensed magnetic fields. 
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1 / 

2 34. A method according to claim 33 wherein the plurality, 'of 

3 distinguishable, geometrically different fields comprises 

4 three such fields. 
5 

6 35. A method according to claim 33 or claim 34 wherein the 

7 AC magnetic field is sensed at three points of tlje invasive 

8 medical instrument. 
9 

10 36. A method according to any of claims 33^35 wherein the 

11 invasive medical instrument is a catheter o/ endoscope. 
12 

13 37. An ultrasonic intra-body imaging method comprising: 

14 (a) inserting an ultrasonic transducer into the body, 
Til 15 said ultrasonic transducer producing a representation of the 

16 acoustic properties of tissue l^eyond an end of the 

17 transducer; 

| 18 (b) manipulating the orientation of the transducer to 

* ? * 19 provide a plurality of said representations; 

□ 20 (c) determining the six dimensions of position and 

iy 21 orientation of the transducer for each of the 

jH 22 representations; and 

23 (d) constructing a tfhree dimensional map of the 

24 acoustic properties of the tissue in a region at least 

25 partially surrounding th'e end of the transducer from said 

26 plurality of representations. 
27 

28 38. A method according to claim 37 wherein: 

29 inserting a transducer comprises Inserting an invasive 

30 medical instrument into the body of a patient, said 

31 ultrasonic transducer being positionally and orientationally 

32 fixed with respect to a distal end of the instrument; and 

33 manipulating comprises changing the orientation of the 

34 distal end. 
35 

36 39. A method according to claim 37 wherein the 
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representation 
representation . 



is 



less than three dimensiona: 



plural 



40. A invasive medical instrument comprising a 
at least three magnetic field sensors proximate th 
end thereof, said sensors having a fixed or 
therebetween . 



ty of 
distal 
entation 



41. The instrument of claim 40 
comprises a coil. 



wherein/ each sensor 



42. The instrument of claim 41 wherein said plurality of 
coils have axes which intersect within a coil. 



43. The instrument of any of claii 
plurality is three. 



40-42 wherein the 



44. The instrument of claim 41 ox claim 42 wherein said 
plurality of coils comprises thr^e coils and wherein said 
three coils have axes which do not all intersect in a point. 

45. The instrument of any /of claims 40-44 and further 
comprising an ultrasound transducer at said distal end. 

46. The instrument of izSlaim 45 wherein said ultrasound 
transducer provides ar representation of the acoustic 
properties of tissue/ beyond and along the axis of the 
catheter . 

47. The instrumerfc of claim 46 wherein said representation 
is a one dimensional representation. 

48. The instrument of claim 46 wherein said representation 
is a two dimensional representation. 

49. The/instrument of any of claims 40-44 and further 
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comprising an electrical probe at said distal end, 

50. The instrument of claim 49 wherein said electric* 
probe is adapted to sense electrical signals generated /Jt>y 
tissue which is in contact and conduct said signals to/ the 
proximal end of the catheter. 

51. The instrument of claim 49 or claim 50 wherein said 
electrical probe is adapted to supply an ablative electrical 
signal to tissue contacting said probe. 

52. The instrument of any of claims 40-44 anca including a 
sensor for measuring local chemistry at the distal end. 



53. The instrument of any of claims 40- 
instrument is a catheter or endoscope. 



>2 wherein said 



54. The instrument of any of clai 
including means for changing the orientation 
end. 



40-53 and also 
of the distal 



55. The instrument of claim 54/ wherein the means for 
changing the orientation comprises 

a relatively more flexibW wire passing through the 
medical instrument that is attached to the distal end and 
has a bend near the distal enc 

a relatively more rigid/ sleeve which is straight near 
the distal end and which sJadeably holds the wire thereat, 
whereby when the sleeve is/ slid over the wire, the wire and 
distal end are straighten/ 

56. An instrument according to claim 55 wherein instrument 
has a lengthwise axis/and wherein the wire is sited off the 
axis of the instrumei 

57. An instrument/ according to claim 54 wherein the means 
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for changing the orientation comprises; 

a flat relatively flexible portion being slit airing a 
portion of the length thereof to form two portions whiph are 
attached at a first end thereof, said first end: being 
attached to the distal end of the instrument; 

a pair of wires, one end of each of which being 
attached to one of said portions at a second efid thereof; 
and 

means for changing the relative lengths/ of the wires 
whereby the flexible element is bent, thereby steering the 
distal end of the instrument* 

58. Apparatus for steering the distal yend of an invasive 
medical instrument comprising: 

a flat relatively flexible porticin being slit along a 
portion of the length thereof to form/two portions which are 
attached at a first end thereof,/ said first end being 
attached to the distal end of the instrument; 

a pair of wires, one end/ of each of which being 
attached to one of said portions at a second end thereof; 
and 

means for changing the felativeXtengths of the wires 
whereby the flexible element is ben/c, thereby steering the 
distal end of the instrumei 



59. Apparatus accordin 
medical instrument is a 



to claifti 58 wherein the invasive 
catheter pr endoscope. 



60. A method of producing a thrde dimensj-orfal image of the 
internal surface of a^i internal body organ comprising: 

measuring the distance to said surface from a plurality 
of orientations an& positions within the internal surface; 
and 

assembling /the distance measurements to form an image 
of the surface., 
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61. A method according to claim 60 wherein t\ 
of distances is preformed utilizing 
transducer . 



measurement 
ultrasonic 



62. A invasive medical instrument comprising a plurality of 
magnetic field sensors and an ulty^sound transducer 
proximate the distal end thereof - 

63. The instrument of claim 62 wherein said ultrasound 
transducer provides a representation of the acoustic 
properties of tissue beyond and yalong the axis of the 
catheter . 

64. The instrument of claim 63 wr/erein said representation 
is a one dimensional representation. 

65. The instrument of claim 63 /wherein said representation 
is a two dimensional representation. 

66. The instrument of any of/ claims 45-48 and 62-65 wherein 
the ultrasound transducer is positionally and 
orientationally fixed with /respect to the distal end of the 
instrument , 

67. The instrument of /claim 66 ahd including means for 
controlably changing the orientation- o~f the transducer by 
changing the orientation of the distal end of the 
Instrument . 

68. The instrument /of any of claims 62-67 wherein said 
instrument is a catheter or endoscope. 
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